MA) trap column at 15 μ L/min for 1 minute with the fl ow through diverted through the tee to waste. Mobile Phase A (MPA) was 0.1% formic acid (Sigma-Aldrich) in water (Honeywell Burdick & Jackson, Muskegon, MI) and Mobile Phase B (MPB) was 90% ACN (Honeywell Burdick & Jackson), 10% water and 0.1% formic acid. A 120 minute gradient was run through a C18 analytical PicoFrit spray column (1cm x 75 μ m, 15 μ m tip, New Objectives) at 0.250 μ L/min holding at 1%B for 1 min, increasing to 31%B over 101 minutes, then to 90%B for 10 minutes. Study samples were analyzed in triplicate using a LTQ-Orbitrap mass spectrometer (Thermo Electron, San Jose, CA) via nanospray source (Proxeon, Odense, Denmark) ionization with a 2.5kV voltage, a heated metal capillary temperature of 230 ° C and a tube lens voltage of 95V. Initial Data-dependent data was acquired approximately once every second at a resolving power of 60,000. MS/MS scans were collected for the top ten peaks from the high-resolution Orbitrap MS spectra with a relative collision energy of 35.0%, isolation width of 2 amu, and activation time of 30ms. Targeted MS/MS experiments were performed similarly using an inclusion list of m/z values to select ions for fragmentation. Supplementary Figure 1 . Ratio-to-ratio data calculations. Control samples with isotopically labeled lysine (K8) are compared to samples with unlabeled lysine (K0). Raw Label Incorporation Ratio data (% Heavy Incorporation, R incorp ) and Observed Ratio for Condition X (R obs ) are measured experimentally. Median R incorp (R incorp,median ) is used to correct all observed ratios yielding Corrected Observed Ratios (R corr ). Final ratios used to interpret data are the result of a pair-wise correction of R corr for %Label Incorporation (R norm ) to be applied as inputs to the logic tests (see Methods and 
Supplementary Table 1. Functional Annotation of Differentially Regulated
Labeled-Pairs. Table shows a list of highly enriched biological functions associated with the differentially regulated proteins, highlighting roles in neuronal function, pathology and associations with human diseases. The functional analyses were generated through the use of Ingenuity Pathways Analysis (Ingenuity ® Systems, www.ingenuity.com). Molecules that were associated with biological functions and/or diseases in Ingenuity ' s Knowledge Base were considered for the analysis. Right-tailed Fisher ' s exact test was used to calculate a p-value determining the probability that each biological function and/or disease assigned to that data set is due to chance alone. 
